Circular RNAs (circRNAs), a class of noncoding RNAs generated from pre-mRNAs, participate in the regulation of tumorigenesis. The mechanism for regulation, however, is unclear. Here, to determine whether circRNAs are involved in arsenite-induced epithelial-mesenchymal transition (EMT) and malignant transformation in human keratinocyte (HaCaT) cells, the up-regulation of circLRP6 was confirmed in arsenite-transformed HaCaT (T-HaCaT) cells. In HaCaT cells, circLRP6 acted as an microRNA (miR)-455 sponge. For these cells, chronic exposure to arsenite caused an increase of circLRP6 and the transcription factor ZEB1, which induced the EMT. miR-455 suppressed the expression of ZEB1. Further, in T-HaCaT cells, knockdown of circLRP6 with siRNA inhibited ZEB1 expression, but cotransfection with circLRP6 siRNA and an miR-455 inhibitor reversed this inhibition. These results suggest that, in HaCaT cells, arsenite increases circLRP6 levels, which act as a sponge for miR-455 and up-regulate the miR-455 target, ZEB1, which subsequently induces the EMT, thus promoting malignant transformation. Thus, for HaCaT cells chronically exposed to arsenite, circLRP6 via miR-455 regulation of ZEB1 is involved in the EMT during malignant transformation. The results establish a previously unknown mechanism for arseniteinduced carcinogenesis.
cytoplasm, but exon intronic circRNAs remain in the nuclei (Li et al., 2015b) . As a new class of noncoding RNAs, circRNAs are present in diverse cell types, cellular components, developmental stages, and eukaryotic organisms (Veno et al., 2015; Wang et al., 2014; Westholm et al., 2014) . Recent studies have pointed to distinct biogenesis mechanisms and functions of circRNAs. For example, in contrast to several circular MicroRNA (miRNA) sponges in the cytoplasm (Memczak et al., 2013; Zheng et al., 2016b) , nuclear-localized circRNAs function as parental gene transcription activators (Li et al., 2015b; Yang et al., 2017) . circ-PABPN1 suppresses PABPN1 translation by competitive binding to HuR (Abdelmohsen et al., 2017) . Foxo3 circRNA distributes mainly in the cytoplasm, where it interacts with the antisenescent protein ID-1 and the transcription factor E2F1, which promotes cardiac senescence . circ-FBXW7 can be transformed into FBXW7-185aa and inhibit the progression of glioblastomas (Yang et al., 2018) . circRNAs serve as natural miRNA sponges by competitive binding to miRNA response elements to suppress their function. We have previously reported that, by binding to miR-217, circRNA circ100284 is involved in regulation of the cell cycle in arsenite-induced cell cycle acceleration (Xue et al., 2017) . However, the function of circRNAs in arsenite carcinogenesis remains unknown.
Arsenic is a common environmental contaminant, being present in the air, water, and soil because of natural occurrence and human activities (Salnikow and Zhitkovich, 2008) . Arsenic also occurs in foods due to agricultural use of pesticides and fertilizers. Cigarette smoke and fossil fuel combustion are additional sources of arsenic exposure . Endemic exposure to arsenic poses a serious threat to millions of people. The metalloid is a potential trigger of various adverse health effects, including various forms of cancers (eg, skin, liver, and lung) (Flora, 2011) . The carcinogenic effects of arsenic are most likely attributable to complex mechanisms (Flora, 2016) , and the molecular mechanisms of how arsenic causes disease are unclear.
miRNAs, noncoding RNAs that are 19-24 nucleotides long, negatively regulate gene expression by inhibiting mRNA translation or by increasing mRNA degradation (Wang et al., 2017b) . miR-455, which is present in several tissues, functions as a tumor suppressor in various cancers (Shen et al., 2016; Wang et al., 2017a; Zhao et al., 2017) . For example, miR-455 inhibits cell proliferation and migration by targeting EGFR in human gastric cancer (Ning et al., 2017) and functions as a tumor suppressor in prostate cancer . However, whether miR-455 participates in the arsenite-induced epithelial-mesenchymal transition (EMT) in human keratinocyte (HaCaT) cells remains unknown. It is also unclear whether miR-455 targets the transcription factor ZEB1 to mediate the EMT.
In this study, the levels of circLRP6 in arsenite-transformed HaCaT (T-HaCaT) cells were measured. Further, the roles of circLRP6 and the relationship between circLRP6 and miR-455 in the EMT induced by arsenite were investigated. The results provide a link between circLRP6 and ZEB1, through miR-455, and present a mechanism for arsenite-induced EMT and carcinogenesis.
MATERIALS AND METHODS
Cell cultures and reagents. The HaCaT cell line was obtained from the Shanghai Institute of Cell Biology, Chinese Academy of Sciences (Shanghai, China). Cells were maintained in Dulbecco's modified Eagle's medium (DMEM, Life Technologies/ Gibco, Grand Island, New York) supplemented with 10% fetal bovine serum (FBS, Life Technologies/Gibco, Gaithersburg, Maryland) at 37 C with 5% CO 2. The cells were exposed to sodium arsenite (NaAsO 2 , purity: 99.0%, Sigma, St Louis, Missouri). All other reagents used were of analytical grade or the highest grade available. For chronic exposure, 5 Â 10 5 HaCaT cells were seeded in 10-cm dishes for 24 h. The culture medium was removed, and cells were maintained in medium containing sodium arsenite for 48-72 h. This process continued for about 20 weeks (40 passages).
RNA preparation and reverse-transcriptase polymerase chain reaction. The nuclear and cytoplasmic fractions were extracted by use of the PARIS Kit Protein and RNA Isolation System (Ambion, Life Technologies). Total RNA (1 lg) was treated with 10 U of RNase R (Epicentre Technologies Corp., Madison, WI) in 1Â RNase R reaction buffer in a total volume of 10 ml. The mixture was incubated at 37 C for 1 h. Total RNA (1 lg) was transcribed into cDNA by HiScript II Q RT Supermix (Vazyme Biotech, Nanjing, China). The polymerase chain reaction (PCR) reactions were evaluated by checking the PCR products on 2% w/v agarose gels. The primers are listed in Table 1 .
Quantitative real-time PCR. Total cellular RNA was isolated by Trizol (Invitrogen) according to the manufacturers' recommendations. To detect circRNAs and miRNAs, 1 lg of total RNA and HiScript II Q Select RT Supermix (Vazyme biotech, Nanjing, China) were used in reverse transcription according to the manufacturer's protocol. U6 snRNA and 18s RNA were used as controls. The primers are listed in Table 1 . Quantitative real-time PCR (qRT-PCR) was performed with Power SYBR Green Master Mix (Applied Biosystems, Foster City, California) and an Applied Biosystems 7300HT machine. Fold changes in expression of each gene were calculated by a comparative threshold cycle (Ct) method using the formula 2 À(DDCt) (Livak and Schmittgen, 2001 ).
Western blots. Cell lysates were prepared with a detergent buffer as described previously (Xu et al., 2013b 
were incubated overnight at 4 C with a 1:1000 dilution of anti- Fluorescence in situ hybridization assay. Fluorescence in situ hybridization assay (FISH) assays were performed with FISH Kits (Ribobio, Guangzhou, China). Briefly, cells grown on coverslips were fixed with 4% paraformaldehyde at room temperature for 10 min, washed twice with phosphate buffer solution, and treated with 0.5% Triton X-100 at 4 C for 5 min. The samples were treated with pre-hybridization buffer 37 C for 30 min, and then in hybridization buffer in a humid and dark environment at 37 C for 12-16 h with a Cy3-labeled circRNA probe (Ribobio).
The samples were washed 3 times with a heated (42 C) solution consisting of 0.1% Tween-20 and 4 Â saline sodium citrate (SSC) and then washed twice with 2 Â SSC and 1 Â SSC (42 C). The samples were mounted with fluorescence mounting medium and imaged with a microscope (Zeiss, LSM700B, Germany).
Immunostaining. Immunostaining was performed as described previously (Xu et al., 2013a) . Briefly, HaCaT cells were stained with rabbit antibodies for E-cadherin or vimentin at 4 C overnight and then incubated with Cy3-conjugated FITC-conjugated goat-antirabbit secondary antibody (Millipore) for 1 h. To stain the nuclei, 4', 6-diamidino-2-phenylindole (DAPI, Sigma) was added for 10 min, and the cells were observed under a fluorescence microscope (Zeiss).
Pull-down assay with biotinylated miRNA. HaCaT cells were transfected with biotinylated miRNA (50 nM) and harvested at 72 h after transfection. The cells were washed with phosphatebuffered saline followed by brief vortexing, and incubated on ice in a lysis buffer (20 mM Tris, pH 7.5, 200 mM NaCl, 2.5 mM MgCl 2 , 0.05% Igepal, 60 U/ml Superase-In [Ambion], 1 mM DTT, and protease inhibitors [Thermo Fisher]) for 10 min. The lysates were cleared by centrifugation, and 50 ll of the samples were aliquoted for input. The remaining lysates were incubated with streptavidin magnetic beads (Thermo Fisher). To prevent nonspecific binding of RNA and protein complexes, the beads were coated with RNase-free BSA and yeast tRNA. The beads were incubated at 4 C for 3 h, washed twice with ice-cold lysis buffer, 3
times with low-salt buffer (0.1%SDS, 1%Trition X-100, 2 mM EDTA, 20 mM Tris-HCl pH8.0, and 150 mM NaCl), and once with high-salt buffer (0.1% SDS; 1% Triton X-100; 2 mM EDTA; 20 mM Tris-HCl pH 8.0; and 500 mM NaCl). The bound RNAs were purified by use of Trizol.
Pull-down assay with biotinylated DNA probe. The biotinylated DNA probe complementary to circLRP6 was synthesized and dissolved in 500 ll of wash/binding buffer (0.5 M NaCl; 20 mM Tris-HCl, pH 7.5; and 1 mM EDTA). The probes were incubated with streptavidin-coated magnetic beads (Thermo Fisher) at 25 C for 2 h to generate probe-coated magnetic beads. Cell lysates were incubated with probe-coated beads, and, after washing with the wash/binding buffer, the RNA complexes bound to the beads were eluted and extracted. The following primer sequences were used: circLRP6 pull-down probe, GACATCTGGAAACTCCTTTTGGATCATTGT; and control pulldown probe, CTTTAACCACTGCCTGCCTCAATCTTGTCTG.
Anchorage-independent growth. Soft-agar dishes were prepared with under-layers of 0.70% agarose in DMEM medium supplemented with 10% FBS. To test their capacity for growth in soft agar, cells were plated in triplicate in 2 ml of 0.35% agarose at a density of 1 Â 10 4 . Cultures were fed every 3 days. After 14 days, the colonies were observed under a microscope and colonies with diameters > 80 lm, which represented more than 30 cells, were counted. 
RESULTS

Chronic Exposure to Arsenite Induces the EMT and Increases circLRP6 and ZEB1 Levels in HaCaT Cells
We previously reported that chronic exposure of HaCaT cells to arsenite induces transformation (Li et al., 2010) , and we have established that several circRNAs are up-regulated in arsenitetreated HaCaT cells and in T-HaCaT cells (Xue et al., 2017) . ZEB1
is a transcription factor involved in the EMT ; its main role is repression of E-cadherin expression. circLRP6 (hsa_circRNA_101014) is a circRNA generated from exon4-exon7 of the LRP6 gene. We have found that circLRP6 is up-regulated in T-HaCaT cells (Xue et al., 2017) . To validate these results, HaCaT cells were exposed to 0 or 1 lM NaAsO 2 for 0, 10, 20, 30, or 40 passages. Chronic exposure of HaCaT cells to arsenite induced down-regulation of E-cadherin and up-regulation of vimentin, ZEB1, Twist, and Snail (Figs. 1A and 1B), indicating that arsenite induced the EMT. circLRP6 levels were also increased in a passage-dependent manner (Figs. 1A and 1C ). The PCR product was verified by DNA sequencing to confirm the amplification of the specific circLRP6 junction (Supplementary Figure 1) . Thus, in HaCaT cells, chronic exposure to arsenite induces the EMT and up-regulation of circLRP6, suggesting that, in HaCaT cells, circLRP6 is associated with the EMT and the phenotype of malignant transformation.
circLRP6 Is Circular and Is Located in the Cytoplasm of HaCaT Cells circRNAs, nonpolyadenylated circRNAs, are resistant to RNase R, an exonuclease that degrades linear but not circRNA (Werfel et al., 2016) . circRNAs are abundant, evolutionally conserved, and relatively stable in the cytoplasm (Li et al., 2015a) . By binding to miRNAs, cytoplasmic circRNAs may act as miRNA sponges (Hansen et al., 2013; Memczak et al., 2013) . To confirm the circular characteristics of circLRP6, total RNA was treated with or without 10 U of RNase R for 1 h. In contrast to the linear RNA LRP6 or GAPDH, circLRP6 was resistant to RNase R ( Figs. 2A  and 2B ). Analysis of RNA in the nuclear and cytoplasmic fractions showed that circLRP6 was mainly present in the cytoplasm ( Figure 2C ). FISH, used to assess the cellular distribution of circLRP6 in HaCaT cells ( Figure 2D ), confirmed that it existed mainly in the cytoplasm, supporting the function of circLRP6 as an miRNA sponge. Thus, in HaCaT cells, circLRP6 is indeed circularized and is present in the cytoplasm.
circLRP6 Affects the Function of miR-455 in HaCaT Cells circRNAs enhance or suppress gene expression by modulating the availability of miRNAs for target mRNAs (Boeckel et al., 2015) . Analysis by bioinformatics based on TargetScan and miRanda showed several binding sites between circLRP6 and various miRNAs. Five miRNAs ranked highest were listed in accordance with the positions of putative binding sites in circLRP6 sequence ( Figure 3A and Supplementary Figure 2) . Anticipating that circLRP6 is involved through a competing endogenous RNA (ceRNA) mechanism, we constructed a circLRP6-miRNA-target gene network using Cytoscape to visualize their interactions ( Figure 3B ). Identified by TargetScan and 7miRanda, 30 of the most likely miRNA target genes predicted by both bioinformatic tools were collected in the network. ZEB1, a transcription factor involved in the EMT (Krebs et al., 2017) , was targeted by 3 of these miRNAs, suggesting that, in HaCaT cells, ZEB1 is likely to be involved in the EMT regulated by circLRP6. After establishing that circLRP6 has binding sites on several miRNAs, we performed RNA-pulldown assays to determine which miRNAs interact with circLRP6. The specificity for the pulldown of circLRP6 by the biotinylated antisense oligomer was confirmed by RT-qPCR ( Figure 3C ). A few miRNAs were enriched in the circLRP6 pulldown sample compared with the control samples, supporting the function of circLRP6 as an miRNA sponge. In the circLRP6 pulldown, miR-455 was the most highly enriched miRNA. Moreover, as determined by use of a biotin-coupled miR-455 mimic, there was enrichment of circLRP6 in the miR-455-captured fraction compared with the negative control ( Figure 3D ). FISH assays showed colocalization of circLRP6 and miR-455 in the cytoplasm ( Figure 3E ), which is consistent with an interaction of circLRP6 with miR-455. The results support the concept that, in HaCaT cells, circLRP6 affects the function of miR-455.
circLRP6 Is Involved in the Up-regulation of ZEB1, the EMT, and the Neoplastic Capacity of T-HaCaT Cells We hypothesized that arsenite-induced, up-regulated circLRP6 could bind to miRNAs to inhibit their transcription activity and up-regulate the expression of ZEB1, leading to induction of the EMT and to malignant transformation. We first targeted circLRP6 using 3 siRNAs, specifically against the back-splice junction of circLRP6. An effective siRNA should knock down the circLRP6 levels without affecting the levels of linear LRP6. siRNA No. 3 matched these criteria and was used in further experiments (Supplementary Figure 3A) . To explore the function of circLRP6 in the EMT and in the neoplastic capacity of cells, circLRP6 siRNA was transfected into T-HaCaT cells (Supplementary Figure 3B) . When compared with T-HaCaT cells in the absence of circLRP6 siRNA, T-HaCaT cells transfected with circLRP6 siRNA showed decreased expression of ZEB1 and vimentin and increased E-cadherin levels, but levels of Snail and Twist were not affected (Figs. 4A-C) . Further, T-HaCaT cells transfected with circLRP6 siRNA produced fewer colonies and showed less migration and invasion (Figs. 4D-F) . Thus, circLRP6 is involved in the arsenite-induced EMT and malignant transformation of HaCaT cells.
ZEB1 Up-regulation, Controlled by miR-455, Is Involved in the EMT and Neoplastic Capacity of T-HaCaT Cells
By targeting ZEB1, miR-455 suppresses nonsmall cell lung cancer . The bioinformatics tools, miRanda (http:// www.microrna.org/; last accessed January 7, 2017) and TargetScan (http://www.targrtscan.org/; last accessed January 7, 2017), were used to predict the binding sites for miR-455 within the 3 0 -UTR region of ZEB1 ( Figure 5A ). To determine if miR-455 is involved in the regulation of ZEB1 in HaCaT cells, a 580 bp ZEB1 3 0 -UTR wild type or mutant region was sub-cloned downstream of the firefly luciferase gene and cotransfected with an miR-455 mimic or control mimic into HaCaT cells exposed to 1 lM NaAsO 2 . In the wild type group, the miR-455 mimic reduced the luciferase activity an effect that was reversed by arsenite ( Figure 5B ), indicating that, in HaCaT cells, miR-455 is involved in the arsenite-induced up-regulation of ZEB1. To explore the role of miR-455 in the EMT, an miR-455 mimic was transfected into T-HaCaT cells (Supplementary Figure 3C) . When compared with cells in the absence of the miR-455 mimic, cells transfected with the mimic showed lower ZEB1 and vimentin expression and increased E-cadherin levels; Snail and Twist levels remained unchanged (Figs. 5C-E). When compared with control T-HaCaT cells, cells transfected with the miR-455 mimic showed fewer colonies and less migration and invasion (Figs. 5F-H). Thus, in T-HaCaT cells, miR-455 is involved in the regulation of ZEB1, the EMT, and malignant transformation. siRNA reversed the effects of circLRP6 siRNA on ZEB1, vimentin, and E-cadherin expression but showed no effects on expression of Twist and Snail (Figs. 6A-C, Supplementary Figure 3D ). Thus, in T-HaCaT cells, circLRP6 is involved in the EMT via miR-455 regulation of ZEB1. Since the EMT endows epithelial cells with neoplastic properties, cells with EMT phenotypes are involved in their migration . Since circLRP6 regulates the EMT, circLRP6 could regulate the invasive and metastatic capacities of T-HaCaT cells. To determine if circLRP6 affects the malignant transformation of HaCaT cells, their capacities for colony formation, invasion, and migration were evaluated. Down-regulation of circLRP6 led to fewer colonies and inhibited the migration and invasion of transformed cells. When cotransfected with circLRP6 siRNA and an miR-455 inhibitor, the effects of circLRP6 siRNA on decreasing colonies and on cell migration and invasion were reversed (Figs. 6D-F) , indicating that, in T-HaCaT cells, miR-455 is required for the circLRP6-dependent cell migration and invasion. Therefore, these results indicate that circLRP6 promotes the malignant transformation of T-HaCaT cells via sponging miR-455.
DISCUSSION
Millions of people are exposed to potentially unhealthy levels of inorganic arsenic in their drinking water, making this metalloid a worldwide public health problem (Tokar et al., 2013) . For humans, exposure to arsenic is carcinogenic, with multiple target sites, especially the skin. The relation between arsenic exposure and skin cancer has been observed worldwide (Khairul et al., 2017) . In our previous study, we confirmed that long-term exposure of human bronchial epithelial cells and HaCaT cells to arsenite in a low concentration causes the EMT and malignant transformation Luo et al., 2015) . However, the mechanisms involved remain incompletely defined. Red represents circLRP6 staining; green represents miR-455 staining; and blue represents nuclear DNA staining by DAPI, bars ¼ 25 lm. All data are presented as means 6 SEM for experiments conducted in triplicate.
circRNAs are involved in tumorigenesis (Zhang et al., 2017a) and in the progression and metastasis of human malignancies (Meng et al., 2017) and may act as oncogenes or tumor suppressor genes. For example, circRNA_100269 is downregulated and suppresses tumor cell growth in gastric cancer , and circRNA MTO1 suppresses progression of hepatocellular carcinoma (Han et al., 2017) . In our previous study, in circRNA microarray results, circLRP6 showed the strongest upregulation in THaCaT cells compared with normal HaCaT cells (Xue et al., 2017) . In this study, we confirmed the up-regulation of circLRP6 in arsenite-treated HaCaT cells, indicating that it is involved in the arsenite-induced malignant transformation of HaCaT cells and in formation of human skin cancers. circRNAs, which are abundant, stable, and highly conserved in various species (Jeck et al., 2013) , are resistant to RNase R degradation (Gao et al., 2017) . Cytoplasmic circRNAs may act as endogenous sponges and interact with miRNAs (Wang et al., 2017b) to affect the expression of miRNA target genes. For example, the human circRNA CDR1as harbors nearly 70 conserved binding sites for miR-7, and up-regulation of CDR1as results in a inhibition of miR-7 functions (Yu et al., 2016) . In contrast, circRNAs located in the nucleus may regulate gene expression by inducing nuclear translocation of certain transcription factors (Li et al., 2015b) . Circ-Amotl1 promotes tumorigenesis by inducing c-myc nuclear translocation and up-regulating the expression of its targets, Hif-1a and Mdm2 (Yang et al., 2017) . In this study, we found that circLRP6 is resistant to RNase R and is mainly located in the cytoplasm, suggesting that it functions as an miRNA sponge. Bioinformatic analyses showed that it harbors several miRNA-binding sites and has the potential to regulate the expression of ZEB1. By use of an RNA-pull down assay, we found that, although the circLRP6 probe pulled down miR-525 and miR-223, the levels of miR-525 and miR-223 were much lower than that of miR-455, and there were no significant differences between the levels that were pulled down by the circLRP6 probe and the random probe. miR-455 was the most abundant miRNA pulled down by the circLRP6 probe, suggesting that it interacted with circLRP6. Further, miR-455 and circLRP6 colocate in the cytoplasm, suggesting that, in HaCaT cells, circLRP6 acts as an miR-455 sponge.
ZEB1, a transcriptional regulator that induces the EMT, is involved in normal physiological and pathological processes (Katsura et al., 2017) . ZEB1 down-regulates expression of E-cadherin and up-regulates expression of vimentin, a key event for the EMT and metastasis (Sanchez-Tillo et al., 2011) . ZEB1 is also involved in cancer progression and facilitates tumor invasion and metastasis by driving the EMT . We previously established that arsenite induces the EMT and malignant transformation of HaCaT cells (Jiang et al., 2013) , but the involvement of circRNAs in this process remained to be determined. In the present study, we found that, in T-HaCaT cells, knockdown of circLRP6 with siRNA caused a decrease of ZEB1, while the expression of E-cadherin was increased and vimentin was decreased. Since the siRNA knocked down the circLRP6 levels without affecting LRP6 mRNA levels, the influence of LRP6 can be excluded. Knockdown of circLRP6 led to fewer colonies, less invasion, and less migration compared with control T-HaCaT cells. These data indicate that circLRP6 is involved in the arsenite-induced EMT and malignant transformation of HaCaT cells.
miRNAs, noncoding RNAs that regulate gene expression by binding to the 3 0 -UTR regions of their targets, are involved in various human diseases, including cancers, and, for various cancers, some miRNAs are biomarkers . In several cancers, miR-455 exhibits antitumor properties. For colorectal cancer, miR-455 suppresses the oncogenic function by targeting HDAC2 (Mao et al., 2017) . In human gastric cancer, miR-455 targets EGFR and inhibits cell proliferation and migration (Ning et al., 2017) . In nonsmall cell lung cancer, miR-455 acts as a tumor suppressor by targeting ZEB1. In this study, we used bioinformatic tools to identify the binding sites between miR-455 and the 3'-UTR region of ZEB1. The data showed that neither transfection of T-HaCaT cells with circLRP6 siRNA nor with an miR-455 mimic affected levels of Snail and Twist, indicating that Twist and Snail were not targeted by miR-455. Additionally, bioinformatics tools showed that there are no binding sites in the 3'UTR region of Twist and Snail mRNA. These results suggest that circLRP6 and miR-455 are involved in the arsenite-induced EMT of HaCaT cells, but other pathways such as Snail or Twist may contribute to this process. In this study, we focused on the functions of circLRP6 and ZEB1. Dualluciferase reporter gene assays confirmed the inhibition of ZEB1 by miR-455. In HaCaT cells, transfection with an miR-455 mimic reduced the up-regulation of ZEB1 induced by arsenite. In THaCaT cells, the expression of ZEB1 was also reduced by transfection with an miR-455 mimic, and the expressions of Ecadherin and vimentin were reversed. These results suggest that miR-455 decreases the level of ZEB1 and inhibits the EMT and the process of malignant transformation. We have previously established that, in HaCaT cells, arsenite induces the EMT and malignant transformation . circRNAs show a different expression pattern before and after the EMT, and hundreds of circRNAs are up-regulated (Conn et al., 2015) . The mechanisms involved remain to be elucidated. In bladder cancer, up-regulation of circRNA-MYLK promotes the EMT by acting as a ceRNA for miR-29a (Zhong et al., 2017) . In this study, we established that circLRP6 was upregulated during the EMT. Further, knockdown of circLRP6 in THaCaT cells decreased the expression of ZEB1 and showed inhibition of the EMT, colony formation, invasion, and migration, which was reversed by cotransfection of an miR-455 inhibitor. These results indicate that, in HaCaT cells, circLRP6 regulates the EMT and malignant transformation via miR-455.
In conclusion, our work has established the abundance and location of circLRP6 in HaCaT cells. Further, in various passages of arsenite-treated HaCaT cells and T-HaCaT cells, there was up-regulation of circLRP6, which promoted the EMT. Moreover, arsenite induced increases of circLRP6, which apparently acts as an miR-455 sponge and upregulates ZEB1, a functional target of miR-455 and a factor in the EMT. ZEB1 up-regulated vimentin and down-regulated E-cadherin and thus promoted the EMT. Also, in T-HaCaT cells, arsenite-induced expression of circLRP6 affected the capacity for colony formation, invasion, and migration via miR-455. Thus, with chronic exposure of HaCaT cells to arsenite, circLRP6 regulated ZEB1 and thus regulated the EMT and malignant transformation via miR-455. In sum, the results establish a previously unknown mechanism for arseniteinduced carcinogenesis and reveal a new level of diversity in the regulatory mechanisms for carcinogenesis.
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